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(54) Air intake arrangement for internal combustion engine 



(57) The invention relates to an air system intake 
module for an internal combustion engine, having one 
air inlet passage connected to an air cleaner housing 
(101) and plural air outlet passages (105) connected to 
a cylinder wherein said air inlet passage of said air in- 
take module is constituted of a straight form conduit 
which is connected to an air outlet of said air cleaner 



housing (101); to said straight form conduit a throttle 
shaft is supported rotatably, and to said throttle shaft a 
throttle valve (103) for adjusting an air flow amount 
which is supplied to said air intake module is installed; 
and to an upstream side of said throttle valve (103) of 
said straight form conduit an airflow measuring portion 
(102) is mounted. 
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Description 

Background of the Invention 
1 . Field of the Invention 



[0001] The present invention relates to an air intake 
arrangement for an internal combustion engine, and in 
particular, relates to an air intake arrangement for an 
internal combustion engine for performing a so called 
fuel lean air/fuel ratio operation wherein the engine is 
operated at a fuel lean side rather than the stoichiomet- 
ric air/fuel ratio for improving fuel economy. 

2. Description of Related Art 

[0002] JP-A-62-48927(1987), for example, discloses 
a conventional air intake arrangement for performing a 
fuel lean air/fuel ratio operation wherein in an engine 
with two air intake valves there are provided two sepa- 
rate passages leading to the respective air intake 
valves. An intake air control valve is provided in one of 
the passages, so that, in a straight port, during a low 
engine load the intake air control valve is closed so as 
to increase flow velocity of the intake air flowing into the 
combustion chamber. In the other passage a swirl port 
or helical port, which is used during such low engine load 
condition, is bent so as to follow along the inner wall face 
of the combustion chamber. As a result, a swirl is caused 
in the combustion chamber thereby combusting speed 
of the mixture gas is increased and a stable combustion 
is obtained even with a fuel lean mixture gas. 
[0003] During an idling operation of an engine, it is 
usually necessary to feed in a good response a small 
amount of air to the engine for realizing a smooth engine 
operation. Further, such measure is known that when 
auxiliary devices such as an air conditioner are rendered 
operative an amount of air is increased to compensate 
a torque consumed in the auxiliary devices in order to 
prevent a variation of the engine operating condition. 
However, in order to achieve a smooth engine operation 
it is desirable to be able to supply air for a torque-up use 
immediately when the auxiliary devices are turned on 
and a necessity of a torque-up occurs. Namely, it is de- 
sirable that air for torque-up use shows a good re- 
sponse. 

[0004] Further, when a so called EGR operation is in- 
tended to be performed which improves fuel economy 
and cleans up the exhaust gas by reducing combustion 
temperature through the exhaust gas recirculation dur- 
ing a partial engine load, it is well known to introduce 
EGR gas into a collector which is a collecting portion of 
air intake conduits. Further, an EGR with about 0 -20% 
EGR gas is recommended as a proper range for fuel 
economy improvement, therefore it is preferable to per- 
form an EGR with a possible large % of EGR gas within 
the above range. 

[0005] In the conventional air intake arrangement 
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which is designed to generate a swirl, there is provided 
an intake air control valve in a main air passage near an 
air inlet valve, therefore there arises a problem that the 
intake air control valve constitutes a resistance to the 
5 intake air during an engine full load operation and effects 
to reduce the engine output. 

[0006] Further, when the air intake valve is closed, fu- 
el deposits onto the air intake valve and causes a prob- 
lem which reduces an acceleration response of fuel sup- 

10 p|y. 

[0007] Still further, a fuel injection valve, the mounting 
portion, fuel piping and air piping for fuel atomization for 
the fuel injection valve, and the air intake conduits con- 
ventionally were separately designed and assembled, 
is the fuel injection valve is placed far remote from the 
center axis of the air intake conduit, as a result, an angle 
formed by the atomizing axis of the fuel injection valve 
and the center axis of the air intake conduit is increased 
which allows easy deposition of the fuel on the inner wall 
20 of the air intake conduits even when the air intake valve 
is opened, and causes a problem of reducing an accel- 
eration response of fuel supply. 

[0008] Further, since the direction of intake air is de- 
termined by the main air passage itself, it is difficult to 
25 effectively induce a swirling. 

[0009] Still further, in case of the two air intake valve 
type engine, either a minimum flow passage cross sec- 
tional area of the swirl port has to be selected at about 
1/2 of the main passage or the swirl port has to be more 
30 restricted than the straight port. In both cases, an ad- 
justable range of the swirling strength depending on op- 
erating conditions of the engine is limited, and there 
arised a problem that an obtained swirl is sometimes 
weaker and sometimes stronger than that required de- 
35 pending on the engine rpm. On the other hand, when 
the intake air control valve is opened, the air intake pas- 
sage is narrowed by the existence of the swirl port and 
the air intake characteristic of the passage including the 
straight port and the swirl port is deteriorated, namely 
40 which caused a problem of reducing the maximum en- 
gine output. 

[0010] Further, when air for an engine idling and for a 
torque-up operation is introduced into the collector 
which is a collecting portion of the air intake conduits, 
45 there arose a problem of deteriorating a response char- 
acteristic of intake air due to the large volume of the col- 
lector. 

[001 1] When EGR gas is introduced into the collector, 
the EGR gas interfere with the combustion, in particular! 
so when it is required to accelerate combustion by means 
of swirling it is difficult to uniformly introduce the EGR 
gas to the respective cylinders of the engine. Further, 
during a transient engine operation a response of EGR 
gas supply delays and the combination of the mixture 
55 gas is extremely interfered with depending on the en- 
gine operating condition which created a problem of im- 
peding a large amount of EGR gas introduction. 
[0012] An object of the present invention is to provide 
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an air intake module having a compact size and a light 
weight. According to this invention there is provided an 
air intake module according to the features of the inde- 
pendent claim. The dependent claims show examples 
of further embodiments of the invention. 5 

Brief Description of the Drawings 

[0013] 

10 

Fig. 1 is a schematic fiuidic system diagram of a first 
embodiment of air intake arrangements for an inter- 
nal combustion engine according to the present in- 
vention; 

Fig. 2(a) and Fig. 2(b) are examples of maps used *5 
for controlling the air intake arrangements for an in- 
ternal combustion engine according to the present 
invention, Fig. 2(a) is a map for determining an air/ 
fuel ration and an amount of EGR for an engine 
based on an engine operating condition represent- 20 
ed by an engine rpm and engine load, and Fig. 2(b) 
is a map for determining an opening degree of an 
intake air control valve in engine operating regions 
I and II in Fig. 2(a) based on an engine operating 
condition represented by an engine rpm and engine 25 
load; 

Fig. 3 is the same schematic fiuidic system diagram 
of the first embodiment shown in Fig. 1 for explain- 
ing the operating condition thereof under engine op- 
erating region I in Fig.2(a) ; 30 
Fig. 4 is the same schematic fiuidic system diagram 
of the first embodiment shown in Fig.1 for explaining 
the operating condition thereof under engine oper- 
ating region II in Fig.2(a) ; 

Fig.5 is the same schematic fiuidic system diagram 35 
ofthefirstembodimentshown in Fig.1 for explaining 
the operating condition thereof under engine oper- 
ating region 111 in Fig.2(a) ; 

Fig. 6 is the same schematic fiuidic system diagram 
of the first em bod iment shown in Fig. 1 for explaining 40 
the operating condition thereof under engine oper- 
ating region IV or V in Fig. 2(a) ; 
Fig. 7 is a schematic structural embodiment of an 
auxiliary gas passage outlet port opened into a main 
air passage near a gas intake valve for an engine 45 
cylinder which is included in the air intake arrange- 
ments according to the present invention ; 
Fig. 8 is another schematic structural embodiment 
of an auxiliary gas passage outlet port opened into 
a main air passage near a gas intake valve for an 50 
engine cylinder which is included in the air intake 
arrangements according to the present invention ; 
Fig. 9 is a still another schematic structural embod- 
iment of an auxiliary gas passage outlet port 
opened into a main air passage near a gas intake 55 
valve for an engine cylinder which is included in the 
air intake arrangements according to the present 
invention ; 



Fig. 1 0 is a further schematic structural embodiment 
of an auxiliary gas passage outlet port opened into 
a main air passage near a gas intake valve for an 
engine cylinder which is included in the air intake 
arrangements according to the present invention ; 
Fig. 11 is a schematic fiuidic system diagram of a 
second embodiment of air intake arrangements for 
an internal combustion engine according to the 
present invention ; 

Fig. 12 is a schematic fiuidic system diagram of a 
third embodiment of air intake arrangements for an 
internal combustion engine according to the 
present invention ; 

Fig. 13 is a schematic fiuidic system diagram of a 
fourth embodiment of air intake arrangements for 
an internal combustion engine according to the 
present invention ; 

Fig. 14 is a structural embodiment of a main air pas- 
sage at a portion where a fuel injection valve is 
mounted which is included in the air intake arrange- 
ments according to the present invention ; 
Fig.1 5 is a similar schematic fiuidic system diagram 
to the first embodiment shown in Fig.1 when applied 
to a four cylinder internal combustion engine ; 
Fig. 16(a) is a similar schematic fiuidic system dia- 
gram to the third embodiment shown in Fig.1 2 when 
applied to a four cylinder internal combustion 
engine ; 

Fig. 16(b) is a graph illustrating a variation in intake 
air amount into an engine cylinder and opening de- 
grees of an auxiliary intake air control valve 31 3 and 
of a throttle valve 314 in Fig. 16(a) embodiment de- 
pending on an opening degree of an acceleration 
pedal 315 ; 

Fig. 17 is a schematic fiuidic system diagram of a 
fifth embodiment of air intake arrangements for an 
internal combustion engine according to the 
present invention ; 

Fig. 18(a) illustrates a change of an engine operat- 
ing condition from region III to region It on the map 
shown in Fig.2(a) ; 

Fig.1 8(b) illustrates variations of an angle of the ac- 
celeration pedal, an amount of fuel injected, an 
amount of air supplied via the main air passage and 
an amount of air supplied via the auxiliary gas pas- 
sage with respect to time in one of the embodiments 
of the air intake arrangements according to the 
present invention in response to the change illus- 
trated in Fig.1 8(a) ; 

Fig.1 9(a) is a flow chart illustrating a control se- 
quence performed in one of the embodiments of the 
air intake arrangements according to the present in- 
vention immediately after detecting the change as 
illustrated in Fig.1 8(a) ; 

Fig.1 9(b) is a flow chart illustrating a control se- 
quence performed in one of the embodiments of the 
air intake arrangements according to the present in- 
vention after the control sequence shown in Fig. 19 
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(a) has terminated ; 

Fig.20 is a flow chart illustrating a modified control 
sequence of that shown in Fig. 19(b) ; 
Fig.21 is a flow chart illustrating another modified 
control sequence using an engine roughness signal 
of that shown in Fig.1 9(b) ; 

Fig.22 is a flow chart illustrating a modified control 
sequence incorporating a learning function of a 
swirl solenoid opening degree of that shown in Fig. 
21 ; 

Fig.23(a) illustrates a change of an engine operat- 
ing condition within region II on the map shown in 
Fig.2(a) ; 

Fig.23(b) illustrates variations of an angle of the ac- 
celeration pedal, an amount of fuel injected, an 
amount of air supplied via the main air passage and 
an amount of air supplied via the auxiliary gas pas- 
sage with respect to time in one of the embodiments 
of the air intake arrangements according to the 
present invention in response to the change illus- 
trated in Fig. 23(a) ; 

Fig.24 is a flow chart illustrating a control sequence 
performed in one of the embodiments of the air in- 
take arrangements according to the present inven- 
tion immediately after detecting the change as illus- 
trated in Fig. 23 (a) ; 

Fig.25(a) illustrates a change of . an engine operat- 
ing condition from region II to region III on the map 
shown in Fig. 2(a) ; 

Fig.25(b) illustrates variations of an angle of the ac- 
celeration pedal, an amount of fuel injected, an 
amount of air supplied via the main air passage and 
an amount of air supplied via the auxiliary gas pas- 
sage with respect to time in one of the embodiments 
of the air intake arrangements according to the 
present invention in response to the change illus- 
trated in Fig.25(a) ; 

Fig.26 is a flow chart illustrating a control sequence 
performed in one of the embodiments of the air in- 
take arrangements according to the present inven- 
tion immediately after detecting the change as illus- 
trated in Fig.25(a); 

Fig.27 is a top plane view of one structural embod- 
iment of air intake arrangements according to the 
present invention which is realized based on one of 
the embodiments illustrated by the schematic flu id ic 
system diagrams in Fig.1, Fig.11, Fig.12, Fig.13, 
Fig.15, Fig.16(a) and Fig.17 ; 
Fig. 28 is a cross sectional view taken along the line 
A-A in Fig.27 ; 

Fig. 29 is a cross sectional view taken along the line 
B-B in Fig.27 ; 

Fig. 30 is a cross sectional view taken along the line 
C-C in Fig.27 ; 

Fig. 31 is a top plane view of another structural em- 
bodiment of air intake arrangements according to 
the present invention which is realized based on 
one of the embodiments illustrated by the schemat- 



ic fluidic system diagrams in Fig.1, Fig.11, Fig.12, 
Fig.13, Fig.15, Fig.16(a) and Fig.17 ; 
Fig.32 is a cross sectional view taken along the line 
A-A in Fig.27 ; 

5 Fig.33 is a cross sectional view taken along the line 
B-B in Fig.27 ; and 

Fig.34 is a cross sectional view taken along the line 
C-C in Fig.27. 

to Detailed Description of the Embodiments 



[0014] Hereinbelow, embodiments of the present in- 
vention are explained with reference to the drawings. 
[0015] Fig.1 shows one embodiment of the present in- 
vention. Inlet air is introduced from an air cleaner 201, 
and the flow rate thereof is measured by an air flow me- 
ter 208, An amount of air passing through a main pas- 
sage 202 is adjusted by a throttle valve 203 and then 
distributed for respective engine cylinders from a collec- 
tor 204 and thereafter introduced into an engine 206 via 
respective independent air intake conduits 205. In the 
present embodiment, an auxiliary gas passage 210 is 
provided in parallel with the respective independent air 
intake conduits 205. Air flow rate passing through the 
auxiliary gas passage 210 is adjusted through a control 
of an intake air control valve 211 by a computer 222 
based on a signal from an acceleration pedal opening 
degree detecting means 221, an ON/OFF signal from 
engine accessories 220, a signal from an engine rpm 
detecting means 223 and an intake air amount signal 
from the air flow meter 208. In addition to the above, 
EGR gas is supplied to the auxiliary gas passage 210 
from an engine exhaust gas conduit 207 via an EGR gas 
passage 214 and an EGR valve 212. An outlet port 213 
of the auxiliary gas passage 210 opens into the inde- 
pendent air intake conduit 205 at the vicinity of an air 
intake valve (not shown) of the engine 206. At this mo- 
ment, the flow velocity of the intake air flowing into the 
enginB 206 is determined based on the flow rate of the 
auxiliary air and the opening cross sectional area of the 
auxiliary gas passage outlet port 21 3. When the opening 
cross sectional area of the auxiliary gas passage outlet 
port 21 3 is determined smaller than that of the independ- 
ent air intake conduit 205, flow velocity of the intake air 
is raised and further, when the outlet port 213 is dis- 
posed eccentrically with respect to the circumference of 
the intake air conduit 205, a swirling can be induced in 
a combustion chamber (not shown) of the engine 206. 
[0016] Fig.3 through Fig.6 show diagrams for explain- 
ing operating conditions of the Fig.1 embodiment de- 
pending upon engine operating regions as illustrated in 
Fig.2(a). 

[0017] Fig.2(a) and Fig.2(b) are examples of maps 
used for controlling the air intake arrangements for an 
internal combustion engine according to the present in- 
vention, Fig.2(a) is a map for determining an air/fuel ra- 
tio and an amount of EGR for an engine based on an 
engine operating condition represented by an engine 
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rpm and engine load, and Fig.2(b) is a map for deter- 
mining an opening degree of an intake air control valve 
in engine operating regions I and II in Fig. 2(a) based on 
an engine operating condition represent by an engine 
rpm and engine load. 5 
[0018] Judgement under which region of Fig. 2(a) the 
present engine operating condition comes is deter- 
mined by the computer 222 based on a signal from the 
engine rpm detecting sensor 223 and a signal from the 
acceleration pedal opening degree detecting sensor to 
221. Depending on the judgement, the intake gas con- 
trol valve 211 and the EGR valve 212 are controlled so 
as to perform a control meeting the respective operating 
regions. 

[00 1 9] Controls corresponding to the respective oper- *5 
ating regions are illustrated in Fig. 3 through Fig. 6. 
[0020] Fig.3 shows an operating state under the re- 
gion I wherein an engine rpm is low and no substantial 
load is applied. The throttle valve 203 and the EGR valve 
212 are closed and the inlet air is adjusted by the intake 20 
air control valve 211 . Namely, air 231 is supplied via the 
auxiliary gas passage 210 so as to maintain the air/fuel 
ratio at the stoichiometric air/fuel ratio. Under this con- 
dition, when the engine load is varied due to turn on or 
turn off the engine accessories 220 or when the engine 25 
rpm varies due to a small internal condition change of 
the engine 206, a proper amount of intake air has to be 
immediately supplied in response to these changes in 
order to maintain a smooth engine operation. In the 
present embodiment, the entire inner volume of the aux- 30 
iliary gas passage 210 is determined smaller than the 
total volume of the main passage 202 including the col- 
lector 204 and the independent air intake conduits 205 
for the respective engine cylinders, for example, less 
than 80% of the total volume, the response charactristic 35 
with respect to a required air amount change is im- 
proved in comparison with the conventional arrange- 
ment wherein the intake air supply is performed via the 
main passage 202. Accordingly, with the present em- 
bodiment, air for idling operation can be supplied with a 40 
good response charactristic to meet an engine rpm var- 
iation, and an engine rpm stability is enhanced. 
[0021] Fig. 4 shows an operating state under the re- 
gion II wherein the engine rpm is higher than that under 
region I and the engine load extends from a low to an 45 
intermediate region. The throttle valve 203 slightly 
opens dependent upon the engine load and engine rpm. 
The EGR valve 212 remains in closed state. In the re- 
gion II, the air/fuel ratio is controlled at a fuel lean air/ 
fuel ratio, for example, of 22—23, such that when the so 
engine operating condition moves to other regions, an 
adjustment of the air/fuel ratio is necessitated. In the 
present embodiment, when the engine operating condi- 
tion moves into the region II, the opening degree of the 
intake air control valve 211 is opened wider than those 55 
in other regions to increase inlet air amount. In addition 
thereto, the flow rate of the air 231 which flows into the 
engine 206 via the auxiliary gas passage inlet port 213 
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is increased, and the intake gas flow velocity is raised 
such that a swirling is induced in the combustion cham- 
ber (not shown) of the engine and the combustion speed 
of the mixture gas is increased, thereby a desirable com- 
bustion is obtained even with a fuel lean mixture gas. In 
this instance, by determining a proper cross sectional 
area of the auxiliary gas passage outlet port 213 the 
strength of the swirling is optimized. Namely, when it is 
required to increase the strength of the swirling, the 
cross sectional area of the passage outlet port 213 is 
set small, on the other hand, when it is required to de- 
crease the strength, the cross sectional area thereof is 
set large. Furthers for the air/fuel ratio control, a meas- 
ure to vary the fuel amount supplied from the fuel injec- 
tion valve (not shown) to the engine 206 can be used in 
parallel. With the present embodiment, in both cases 
one in which the engine operating condition moves into 
the region II from other adjacent regions and the other 
in which the engine operating condition moves from the 
region II to other adjacent regions, the amount of inlet 
air 231 can be increased or decreased with a good re- 
sponse. 

[0022] Fig. 5 shows an operating state under the re- 
gion 111 wherein either the engine rpm is extremely low 
and the engine load is larger than that under idling con- 
dition or the engine load is higher than that in the region 
H or the engine rpm is higher than that in the region II. 
Under this region the air/fuel ratio is set at the stoichio- 
metric air/fuel ratio for obtaining a higher torque. The 
throttle valve 203 opens in response to the engine load 
or the engine rpm. The amount of EGR gas is adjusted 
by the EGR valve 212 depending on engine operating 
conditions, thereby the combustion temperature is low- 
ered and fuel economy is improved through a pumping 
loss reduction. The intake air control valve 211 is at this 
moment closed so as to prevent a reverse flow of the 
EGR gas. At this instance, the EGR gas 232 of a high 
velocity is supplied from the auxiliary gas passage outlet 
port 213 and is uniformly mixed with the air 231 passing 
through the main passage 202, thereby the distribution 
of the EGR gas to the respective cylinders of the engine 
is improved in comparison with the conventional ar- 
rangement wherein the EGR gas is supplied to the col- 
lector portion 204, as a result a limit of EGR amount can 
be expanded. Further, by orienting the auxiliary gas pas- 
sage outlet port 213 to the direction along the wall face 
of the combustion chamber (not shown) of the engine, 
a swirling is induced in the combustion chamber to 
thereby improve combustion as well as to form a layer 
of the EGR gas 232 near the wall face thereof which 
reduces thermal loss through the wall face and achieves 
a fuel economy improvement. Further, when the inner 
volume of the EGR gas passage 214 is determined 
smallerthan the totaled volume of the main passage 202 
including the collector 204 and the independent gas in- 
take conduits 205 for the respective engine cylinders, 
the EGR gas can be supplied to the engine with a good 
response. 
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[0023] Fig. 6 shows an operating state under the re- 
gion IV and the region V wherein the engine rpm is fur- 
ther higher than under the region III or the engine load 
is further larger than under the region III. In these re- 
gions, the air/fuel ratio is set at the stoichiometric air/fuel 5 
ratio or at a fuel rich air/fuel ratio wherein an importance 
is placed on an engine operation for obtaining a neces- 
sary torque. The EGR valve 212 is closed, however the 
inlet air control valve 211 can take both conditions, that 
is, both open and close conditions. The throttle valve 10 
203 in the. main passage 202 is fully opened at a high 
engine load side, and at a high engine rpm side the 
opening degree of the throttle valve 203 is controlled 
depending upon a required torque. At this instance, dif- 
ferent from the conventional arrangement, the elements 15 
in the independent gas intake conduits 205 such as an 
intake air control valve and a throttle for the air intake 
conduits which constitute a resistance for the intake air 
are eliminated to thereby prevent an engine output re- 
duction. 20 
[0024] Fig.7 through Fig. 10 show structural embodi- 
ments of the auxiliary gas passage outlet ports 213 ac- 
cording to the present invention. 
[0025] Fig.7 is an embodiment wherein the auxiliary 
gas passage outlet port 213 is disposed eccentrically 25 
toward the right side or the left side of the independent 
air intake conduit 205. With this structure, the auxiliary 
gas passes through the air intake valve 241 and flows 
along the circumference of an engine cylinder wall to 
thereby induce a strong swirling in a plane parallel with 30 
the piston top plane. When air is introduced as the aux- 
iliary gas, excess air is supplied with respect to fuel and 
a condition of a fuel lean air/fuel ratio is generated, how- 
ever, with the inducement of the swirling the combustion 
speed is increased and a desirable combustion is real- 35 
ized. Further, when EGR gas is introduced as the aux- 
iliary gas, a uniform mixing of the EGR gas and air is 
achieved by making use of the swirling which lowers the 
combustion temperature and reduces a thermal loss ef- 
fected via the engine cylinder wall as well as suppresses 40 
emission of nitrogen oxides. 

[0026] Further, through the introduction of air or EGR 
gas from the auxiliary gas passage outlet port 21 3 to the 
engine cylinder wall face 242, a layer of air or EGR gas 
is formed along the circumference and a combustion is 
effected near the center portion of the combustion 
chamber 244 where an ignition plug 243 is disposed, 
thereby a thermal loss through the engine cylinder wall 
face 242 is reduced by means of adiabatic effect of air 
or EGR gas. so 
[0027] Fig. 8 is another embodiment wherein the aux- 
iliary gas passage outlet port 213 is disposed eccentri- 
cally toward the upper side of the independent air intake 
conduit 205. With this structure, the auxiliary gas passes 
through the air intake valve 241 and induces a vertical 55 
swiling (tumbling). At this instance, when fuel is injected 
from a fuel injection valve (not shown) only toward one 
of the two air intake valves 241 , a mixture gas is formed 



only in a partial region of the combustion chamber 244 
covered by the one air intake valve 241 located at one 
side. Thereby a stratification of the mixture gas in the 
combustion chamber 244 is achieved and a sufficiently 
combustible fuel lean mixture gas is obtained. Further, 
in an engine compression stroke the tumbles are col- 
lapsed and a multiplicity of small turbulences are gen- 
erated such that a combustion speed is improved even 
with the fuel lean mixture gas. 

[0028] Fig.9 is a still another embodiment wherein the 
auxiliary gas passage outlet port 21 3 is disposed eccen- 
trically toward the lower side of the independent air in- 
take conduit 205. With this structure, the auxiliary gas 
passes the air intake valve 241 and induces a tumble 
moving in an opposite direction to that of Fig.8. At this 
instance, when fuel is injected from a fuel injection valve 
(not shown) only toward one of the two air intake valves 
241, a mixture gas is formed only in a partial region of 
the combustion chamber 244 covered by the one air in- 
take valve 241 located at one side. Thereby a stratifica- 
tion of the mixture gas in the combustion chamber 244 
is achieved and a sufficiently combustible fuel lean mix- 
ture gas is obtained. Further, in an engine compression 
stroke the tumbles are collapsed and a multiplicity of 
small turbulences are generated such that a combustion 
speed is improved even with the fuel lean mixture gas. 
[0029] Fig.1 0 is a further embodiment wherein a pair 
of auxiliary gas passage outlet ports 213 are provided 
on the right and left sides of the independent air intake 
conduit 205 near the end thereof. The respective pas- 
sage outlet ports 213 are directed toward the center of 
the combustion chamber 244. Further, the atomized fuel 
from the fuel injection valve 245 is adapted to collide 
with the gas flow from the auxiliary gas passage outlet 
ports 21 3. With this structure, an easily ignitable fuel rich 
mixture gas is formed at the center portion of the com- 
bustion chamber 244, therefore, when the ignition plug 
243 is disposed at such region a desiarable ignition and 
combustion are achieved even when a mixture gas of a 
fuel lean air/fuel ratio as a whole is charged into the com- 
bustion chamber 244. Further, if the atomized fuel 246 
from the fuel injection valve 245 can be concentrated at 
the center of the combustion chamber 244, the auxiliary 
gas passage outlet ports 213 are not necessarily pro- 
vided on both sides of the independent air intake conduit 
205, instead only a single auxiliary gas passage outlet 
port 213 can be disposed eccentrically toward upper 
side or lower side of the independent air intake conduit 
205 for obtaining substantially the same advantages as 
above. 

[0030] Fig.11 through Fig.13 show further embodi- 
ments having modified auxiliary gas passage struc- 
tures. 

[0031] In Fig.11 embodiment, inlet air is introduced 
through an air cleaner 201, and after being measured 
the flow rate thereof by an air flow meter 208, the amount 
of the inlet air is adjusted by a throttle valve 203 and the 
dividing ratio of the inlet air for a main passage 202 and 
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an auxiliary gas passage 210 is adjusted by an intake 
air control valve 251 . The intake air control valve 251 is 
designed either to open in synchronism with the throttle 
valve 203 but with a predetermined delay or to open 
when the intake air negative pressure reaches to a pre- 5 
determined value near the atomospheric pressure to 
thereby adjust a swirling strength. With such structure, 
amount of air passing through an auxiliary air control 
valve 252 for an idling operation and for a torque-up op- 
eration for driving engine accessories can be reduced, 10 
thereby manufacturing cost of the arrangement is re- 
duced. Further, since the intake air control valve 251 is 
disposed upstream the collector 204, it is not necessary 
to provide many intake air control valves corresponding 
to the number of engine cylinders as in the conventional 15 
arrangement, but only one intake air control valve 251 
is satisfactory. Accordingly, manufacturing cost of the 
arrangement is again reduced. With the present embod- 
iment, since the inner volume of the auxiliary gas pas- 
sage 21 0 is also designed small in comparison with the 20 
total volume of the main gas passage 202 including the 
collector 204 and the independent air intake conduits for 
the respective engine cylinders, an improvement of the 
response characteristic of the auxiliary gas and an in- 
ducement of a gas swirl having a necessary strength 25 
are of course obtained. 

[0032] Fig. 12 is an embodiment wherein an auxiliary 
throttle valve 253 is provided in the auxiliary gas pas- 
sage 210 so as to bypass the intake air control valve 
211. In the present embodiment, the intake air control 30 
valve 211 is used for controlling air amount for an idling 
operation and for a torque-up operation and the auxiliary 
throttle valve 253 is used for adjusting the flow rate of 
air used for inducing a gas swirl in a fuel lean air/fuel 
ratio operating region, thereby the capacity of the intake 35 
air control valve 211 can be reduced and the manufac- 
turing cost of the arrangement is lowered. Likely, with 
the present structure, an improvement of the response 
characteristic and an inducement of the gas swirl of a 
necessary strength can also be obtained. 4 o 
[0033] Fig. 13 is an embodiment wherein a throttle 
nozzle 254 is provided at the auxiliary gas passage out- 
let port 213, and the fundamental structure and the op- 
eration thereof are substantially the same as those ex- 
plained in connection with Fig.1 through Fig. 6. In the 45 
present embodiment, when an opening degree of the 
throttle valve 203 is small and a flow rate of the auxiliary 
air is small such as in an idling region, the auxiliary gas 
passage outlet port 213 is restricted by the throttle noz- 
zle 254 to thereby increase a flow velocity of the auxiliary so 
air and to increase the gas swirl strength, as a result, a 
stable combustion is achieved even when the combus- 
tion is effected with a fuel lean air/fuel mixture gas. Like- 
ly, in the present embodiment, since the inner volume 
of the auxiliary gas passage 21 0 is determined smaller 55 
than the totaled volume of the main air passage 202 in- 
cluding the collector 204 and the independent intake air 
conduits 205 for the respective engine cylinders, an im- 



proved response characteristic of the auxiliary gas is of 
course obtained. 

[0034] Fig. 14 shows a structural embodiment of the 
idependent intake air conduit 205 with an integrated fuel 
injection valve fitting arrangement 
[0035] All of a mounting portion 262, a fuel piping 263 
and an air piping 254 for fuel atomization for the fuel 
injection valve are structurally integrated with the inde- 
pendent air intake conduit 205. The fuel injection valve 
261 is secured to the independent air intake conduit 205 
via a stopper 262. Through the integration of the mount- 
ing portion 262, the fuel piping 263 and the air piping 
264 for fuel atomization for the fuel injection valve with 
the independent air intake conduit 205, the fuel injection 
valve 261 can be located near the center axis of the air 
intake conduit 205 in comparison with the conventional 
arrangement wherein the four parts are separately man- 
ufactured so that an angle a formed by the fuel atomi- 
zation axis and the center axis of the intake air conduit 
205 can be decreased. Further, the air intake conduit 
205 can be optimally designed so as to meet a spread- 
ing configuration of the atomized fuel and to reduce a 
deposition rate of the atomized fuel injected from the fuel 
injection valve 261 on the inner wall of the air intake con- 
duit 205. As a result, the fuel deposition on the air intake 
conduit 205 is reduced. 

[0036] Fig. 15 shows a further embodiment of the 
present invention similar to Fig. 1 embodiment Air is tak- 
en-in into a collector 304 via an air cleaner 301, an air 
flow rate sensor 302 and a throttle valve 303, further the 
air passes through independent air intake conduits 305 
for the respective engine cylinders and is taken-in into 
the respective combustion chambers of the engine 307 
via air intake valves 306. A passage 308 bypassing the 
throttle valve 303 is provided through which air is sup- 
plied to a gas intake port 309 of the respective independ- 
ent air intake conduits 305. The flow velocity of the air 
bypassing the throttle valve 303 is higher than the main 
air flowing through the independent air intake conduits 
305. The outlet of the bypass passage 308 is opened 
so as to provide a drift current for the air flow in the gas 
intake port 309. The upstream inlet of the bypass pas- 
sage 308 opens at the upstream of the throttle valve 
303. Further, another bypass passage 310 branching 
from the bypass passage 308 is provided. The passage 
310 is used for supplying airforfuel atomization to a fuel 
injection portion 312 of a fuel injection valve 311. The 
outlets of the bypass passage 308 open to the inde- 
pendent gas intake ports 309 for the respective engine 
cylinders. A flow rate control valve 31 3 is provided in the 
bypass passages 308 and 310 and is designed to con- 
trol the amount of air flowing therethrough depending 
on engine operating conditions. The flow rate control 
valve 313 is actuated by an electrical signal. As indicat- 
ed above, since the outlet portion of the bypass passage 
308 is arranged eccentrically with respect to the gas in- 
take port 309, a drift current is caused in the airflow. As 
a result, a gas swirl is formed in the combustion chamber 
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and the combustion during a fuel lean air/fuel ratio op- 
eration is stabilized. Further, since air for an idle speed 
control and for a fast idle control is also supplied via the 
control valve 313, the combustion during an idling oper- 
ation and a starting-up operation is improved and an 
amount of emission of un burnt hydrocarbon is reduced. 
Still further, an air/fuel ratio during an idling operation 
and a starting-up operation can be set at a fuel lean air/ 
fuel ratio, which is effective for the reduction of fuel cost 
and for the reduction of unburnt hydrocarbon emission. 
[0037] Fig. 1 6(a) shows a still another embodiment of 
the present invention similar to Fig. 12 embodiment, 
wherein two throttle valves 313 and 314 are provided, 
and are constituted respectively for supplying air for the 
bypass passage 308 which is designed to supply air to 
the gas intake port 309 and for the bypass passage 310 
which is designed to supply air for atomizing fuel inject- 
ed from the fuel injection valve 311 . The inlet port of the 
bypass passage 310 opens at the upstream of the throt- 
tle valve 31 4. The respective throttle valves 313 and 314 
are mechanically linked with an acceleration pedal 315. 
The throttle valve 313 is at first opened in response to 
depression of the acceleration pedal 31 5. After the throt- 
tle valve 313 is fully opened, the throttle valve 314 be- 
gins to open, which operation sequence is illustrated in 
Fig. 16(b) wherein curve a shows an opening degree of 
the throttle valve 313 and curve b of the throttle valve 
314. During a fuel lean air/fuel ratio operation, air is tak- 
en in through the throttle valve 313 and the bypass pas- 
sage 308. Accordingly, a swirling is induced in the intake 
gas and the combustion is stabilized. When the accel- 
eration pedal 31 5 is depressed beyond a predetermined 
degree, air passing through the throttle valve 314 is also 
taken-in. Although under such condition, combustion 
with a fuel lean air/fuel mixture gas is possible because 
air flowing at a high velocity is supplied via the bypass 
passage 308. However, in response to opening opera- 
tion of the throttle valve 314 the operation at a fuel lean 
air/fuel ratio can be returned to the operation at a normal 
air/fuel ratio. With the present embodiment, the supply 
of a high velocity gas is controlled via a mechanical ac- 
tuating operation. A control valve 316 for an idle speed 
control is arranged so as to bypass the throttle valve 313 
or 314. However, in order to improve combustion during 
an idling operation it is preferable to arrange the control 
valve 316 for the idle speed control so as to bypass the 
throttle valve 31 3. Further, it is also preferable to arrange 
a control valve 31 7 for a fast idle control so as to bypass 
the throttle valve 313. With thus constituted arrange- 
ment, the combustion during starting-up and idling op- 
erations is improved and emission amount of unburnt 
hydrocarbon is reduced. According to the present em- 
bodiment, since airflows through the passage 308 until 
an opening degree of the acceleration pedal 315 reach- 
es the predetermined degree, an operation at a fuel lean 
air/fuel ratio is possible. 

[0038] Fig. 17 shows a still another embodiment of the 
present invention, wherein a collector 318 having a larg- 



10 



15 



20 



30 



40 



45 



50 



er passage area than the bypass passage 308 is pro- 
vided in the bypass passage 308 connected to the throt- 
tle valve 31 3. With such constitution, an intake air inertia 
effect is induced in the bypass passage 308 and torque 
at a low engine rpm is increased. Further, air passing 
throuth the throttle valve 314 is introduced into a con- 
ventional collector 319. For the air passing through the 
throttle valve 314, an intake air inertia effect is likely in- 
duced by means of the collector 319. 
[0039] The map illustrating air/fuel ratio settings 
shown in Fig.2(a) is again explained. During idling op- 
eration in region I an air/fuel ratio, namely excess air 
ratio X is set near 1 . Further, under a light load condition 
in region II, the air excess rate is set at X > 1.0 i.e. a fuel 
lean air/fuel ratio. Outside this region, since an impor- 
tance is placed on an engine output, the air/fuel ratio is 
setat\=1 i.e. stoichiometric air/fuel ratio. Afurtherouter 
region constitutes a powering range wherein the air/fuel 
ratio is set at X <1.0 i.e. a fuel rich air/fuel ratio. Air for 
inducing a gas swirl in the combustion chamber is intro- 
duced in an operating condition in region It wherein an 
air/fuel ratio is set at X >1 .0 i.e. a fuel lean air/fuel ratio. 
As indicated above, since even during an idling opera- 
tion air bypassing the throttle valve is introduced as an 
idle speed control (ISC) use into the gas intake port, the 
combustion during a starting-up operation and idling op- 
eration is improved. In Fig.2(a), the air/fuel ratio in the 
region I corrsponding to the idling operation is set at X 
=1, however, by means of the above combustion im- 
proving effect the air/fuel ratio can be set at X >1.0 i.e. 
a fuel lean air/fuel ratio. Fig. 2(b) shows an example of 
maps of opening degree of the control valves for the by- 
passing air in regions I and II. Under an idling operation 
region I, amount of air is controlled by making use of a 
control valve for ISC. Further, under a light load opera- 
tion region II, amount of bypassing air is controlled by 
making use of a separate air control valve wherein the 
opening degree of the control valve is varied depending 
on a required air amount of the engine. 
[0040] Although, the map of Fig.2(b) shows a use of 
the separate control valves for region I and region II, a 
common control valve can be used for both regions I 
and II as illustrated in Fig.1 embodiment. 
[0041] Fig.18 (a) and Fig.18(b) are views for explain- 
ing an operation of the control valve 313. Fig. 18(a) is a 
diagram illustrating a change of engine operating con- 
dition from point A to point B wherein the acceleration 
pedal is depressed and the engine operating region is 
moved into the region II corresponding to a fuel lean air/ 
fuel ratio. Fig. 18(b) shows changes of control variables 
with respect to time in response to the engine operating 
condition change. 9 ac designates a depression angle 
of the acceleration pedal and in the drawing the depres- 
sion angle is increased which represents an accelera- 
tion condition. Immediately after the operating condition 
moves into the region II operating at a fuel lean air/fuel 
ratio, the base fuel injection amount is fixed to the pre- 
vious value. However, since the air/fuel ratio is set at a 
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fuel lean air/fuel ratio, amount of bypassing air is in- 
creased to settle at the set air/fuel ratio. In the drawing, 
Qm and Qs respectively represent the main air amount 
and the bypassing air amount flowing through the re- 
spective air intake passages at this moment. Immedi- 5 
ately after the engine operating condition moves into the 
region II of a fuel lean air/fuel ratio, the bypassing air 
amount Qs is increased to shift the air/fuel ratio into a 
fuel lean air/fuel ratio. The main air amount Qm is in- 
creased in response to the depression angle of the ac- 10 
ceieration pedal. The bypassing air amount Qs can be 
understood to be an air amount necessary for shifting 
the air/fuel ratio into a fuel lean air/fuel ratio. When as- 
suming that Of represents a fuel amount with which the 
stoichiometric air/fuel ratio will result in with respect to 15 
the air amount immediately before the acceleration ped- 
al is depressed, the increasing portion in Qs corre- 
sponds to an air amount used for shifting the air/fuel ratio 
from the stoichiometric air/fuel ratio to the fuel lean air/ 
fuel ratio. With such measure a shifting of engine oper- 20 
ating condition from the stoichiometric air/fuel ratio op- 
eration to a fuel lean air/fuel ratio operation is smoothly 
performed. 

[0042] Fig. 19(a) shows a control flow chart of the 
above explained control sequence. First, it is judged 25 
whether the engine operating condition moved into a fu- 
el lean air/fuel ratio region. When it is judged that the 
condition moved into a region permitting a fuel lean air/ 
fuel ratio operation, the fuel amount is temporarily held 
unchanged. Subsequently, an opening degree of the 30 
control valve (hereinafter called as swirl solenoid) 313 
is retrieved on a map and the swirl solenoid is actuated 
according to the map retrieved opening degree, and af- 
ter completing the above operation, the fuel amount 
holding is canceled. Thereafter, the process moves to 35 
another operation flow in a fuel lean air/fuel ratio oper- 
ating region as shown in Fig. 19(b), wherein at first it is 
judged whether the engine operating condition still stays 
in the fuel lean air/fuel ratio operating region and when 
it is judged that the condition stays under the fuel lean 40 
air/fuel ratio operating region, the swirl solenoid opening 
degree map is retrieved and the retrieved value is out- 
put. Thereafter, it is judged whether the air/fuel ratio 
reaches a target air/fuel ratio and if the actual air/fuel 
ratio is in a fuel lean side with respect to the target air/ 45 
fuel ratio, the fuel amount is increased, and if the actual 
air/fuel ratio is in a fuel rich side with respect to the target 
air/fuel ratio, the fuel amount is decreased. Namely, af- 
ter the swirl solenoid has been opened to a target open- 
ing degree, the air/fuel ratio control is performed by in- so 
creasing or decreasing the fuel amount. 
[0043] Fig.20 shows a modified control sequence of 
air/fuel ratio of that shown in Fig. 1 9(b). When it is judged 
that the engine operating condition is in a fuel lean air/ 
fuel ratio operating region, a fuel injection amount is 55 
map-retrieved and the map-retrieved fuel amount is in- 
jected from the fuel injection valve. Thereafter, it is 
judged whether the actual air/fuel ratio reaches to a tar- 



get air/fuel ratio, and if actual air/fuel ratio is determined 
in fuel lean side with respect to the target air/fuel ratio, 
the swirl solenoid is closed to move the air/fuel ratio to- 
ward fuel rich side, and further, if the actual air/fuel ratio 
is determined in fuel rich side with respect to the target 
air/fuel ratio, the swirl solenoid is opened to move the 
air/fuel ratio toward fuel lean side. Namely, in the 
present control method, the air/fuel ratio is adjusted by 
varying air amount via the opening degree control of the 
swirl solenoid. An example of judging methods whether 
the actual air/fuel ratio reaches to a target air/fuel ratio 
used in the methods exemplified in Fig. 19(b) and Fig.20 
is one in which the judgement is made based on a de- 
tected value from an air/fuel ratio sensor detecting ex- 
haust gas. 

[0044] Other than the air/fuel ratio sensor detecting 
exhaust gas, a sensor for detecting engine roughness 
can be used for determining air/fuel ratio. 
[0045] The engine roughness can be determined ei- 
ther based on a combustion pressure variation detected 
by a combustion pressure sensor attached to the com- 
bustion chamber, based on an engine rpm variation de- 
tected by such as a crank angle sensor attached to the 
cam shaft and a ring gear sensor, or based on a knock 
magnitude detected by a knock sensor attached to an 
engine block. 

[0046] Fig. 21 shows a further air/fuel ratio control se- 
quence which makes use of an engine roughness sen- 
sor. When it is determined that the engine operating con- 
dition is in a fuel lean air/fuel ratio operating region, a 
detected value of engine roughness degree is read. The 
engine roughness is determined by making use of one 
of the above methods and when the detected engine 
roughness is larger than a target value, it is judged that 
the present air/fuel ratio reaches a limit of fuel lean air/ 
fuel ratio and the swirl solenoid is closed and the air/fuel 
ratio is shifted toward fuel rich side. Contrary, when the 
detected engine roughness is smaller than the target 
value, the swirl solenoid is opened and the air/fuel ratio 
is shifted toward fuel lean side. Thus operating the swirl 
solenoid in dependence upon the engine roughness, the 
engine is allowed to operate always at a fuel lean limit 
of air/fuel ratio. 

[0047] Fig.22 shows a further modified air/fuel ratio 
control sequence incorporating a learning function of a 
swirl solenoid opening degree. After detecting an engine 
roughness, the detected engine roughness is judged 
smaller than a target value, the opening degree of the 
swirl solenoid is increased and the engine roughness is 
again judged. At this instance, when the detected en- 
gine roughness exceeds the target value, the opening 
degree of the swirl solenoid is slightly decreased and 
the opening degree of the swirl solenoid at that moment 
is rewritten on a map and stored. Namely, the newly 
stored opening degree of the swirl solenoid represents 
an air/fuel ratio close to the fuel lean limit of air/fuel ratio 
at this moment. With this method, the map is always 
maintained to represent an opening degree limit even 
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when motor vehicle components such as the engine 
have suffered a secular change. 

[0048] Rg:23(a) shows a diagram illustrating a 
change of engine operating condition from point C and 
to point D when the acceleration pedal is depressed dur- s 
ing an engine operating condition at a fuel lean air/fuel 
ratio operating region II. In this instance, the fuel amount 
Of also increases according to an increase of accelera- 
tion pedal angle G ac as illustrated in Fig.23(b). The in- 
creasing tendency of air amount at this moment is also 10 
illustrated by the air amount Qm of the main intake gas 
conduit and the air amount Qs of the auxiliary air pas- 
sage 308 in Fig. 23(b). Both air amounts Qm and Qs are 
designed to increase at a predetermined rate in accord- 
ance with the increase of acceleration pedal angle 0 ac. *5 
With such control, a gas swirl having a predetermined 
strength is always obtained. Alternatively, the flow rate 
of Qm and Qs can be varied depending on engine rpm. 
In both cases, the control can be performed by storing 
optimum opening degrees of the swirl solenoid on the 20 
map having parameters of engine rpm and engine load 
as Illustrated in Fig.2(b). 

[0049] Fig. 24 shows a flow chart of the control se- 
quence as explained above. At first, it is determined 
whether the engine is accelerated in a fuel lean air/fuel 25 
ratio operating region, and when the answer is yes, the 
swirl solenoid opening degree map is retrieved and the 
swirl solenoid is opened based on the retrieved opening 
degree, and an amount of fuel corresponding to the sum 
of Qm and Qs is injected, however at this moment the 30 
air/fuel ratio is set at fuel lean side, the amount of fuel 
injected corresponds to one at the set fuel lean air/fuel 
ratio. 

[0050] Fig.25(a) shows a diagram illustrating a 
change of engine operating condition from point E to 35 
point F, in that, when an engine operating condition 
changes from a fuel lean air/fuel ratio operating region 
to another air/fuel ratio operating region. As illustrated 
in Fig.25(b), immediately after the engine operating con- 
dition moves out from a fuel lean air/fuel ratio operating 40 
region in response to an increase of acceleration pedal 
angle e ac, the fuel amount Qf is held unchanged. In this 
instance, a change of air/fuel ratio is performed by var- 
ying the air amount passing through the air passage 
308. Namely, the air/fuel ratio is controlled by varying 45 
Qs while maintaining Qm substantially constant. 
[0051] A flow chart of the control sequence at this in- 
stance is illustrated in Fig.26. At first, it is judged whether 
the engine operating condition has moved out from the 
fuel lean air/fuel operating region II, and when the an- so 
swer is yes, the fuel injection amount is temporarily held 
unchanged. Thereafter, the opening degree of the swirl 
solenoid is decreased. After completing the above op- 
eration, the fuel injection amount holding is canceled. 
Thus the control is performed only by varying the air 55 
amount without varying the fuel amount, thereby a 
torque shock which may be caused during transition to 
another air/fuel ratio operating condition is reduced. 



[0052] Fig.27 is an upper view illustrating one struc- 
tural embodiment of the present invention, Fig.28 is a 
cross sectional view taken along the line A-A of Fig.27, 
Fig. 29 is another cross sectional view taken along the 
line B-B of Fig.27 and Fig. 30 is a further cross sectional 
view taken along the line C-C in Fig.27. In these draw- 
ings, numeral 101 is an air cleaner, 102 a measuring 
portion of inlet airflow rate, 103 a throttle valve, 104 a 
surge tank or a main collector chamber, 105 independ- 
ent branching air intake conduits, 106 a control unit, 107 
fuel injectors, 108 a pressure regulator, 109 an auxiliary 
aircontrol valve, 110anEGR valve, 111 a conduit length 
variable type intake air valve (wherein the valve opened 
position is illustrated by the solid line and the valve 
dosed position by the broken line), 112 an actuator for 
opening and closing the conduit length variable type in- 
take air valve, 113 an auxiliary air intake passage, and 
150 an engine main body. Further, the arrows in the 
drawings indicate the flow direction of the inlet air in the 
arrangement, and the arrows indicated by broken lines 
indicate the inlet air flow direction when the conduit 
length variable type intake air valve 111 is closed. The 
air to be taken-in into the engine is introduced into the 
air cleaner 101 via the inlet port thereof and is filtered 
via an air filter 101a provided therein and is led via the 
air flow rate measuring portion 102 toward the throttle 
valve 103 which is operated to open or close in accord- 
ance with intentions of the motor vehicle driver. An inlet 
air flow is controlled by an opening area determined by 
the throttle valve 103. The air passing through the throt- 
tle valve 103 is distributed from the surge tank 104 to 
the respective engine cylinders via the independent 
branching intake air conduits 105. In the respective in- 
dependent branching intake air conduits 1 05, the con- 
duit length variable type intake air valve 111 is provided 
of which opening and closing operations are controlled 
by the actuator 112. Other than via the above air pas- 
sage, the inlet air which bypasses the throttle valve 103 
at the downstream of the airflow rate measuring portion 
102 is further supplied to the engine via the auxiliary in- 
take air passage 113 after the inlet air amount is con- 
trolled by the auxiliary air control valve 109. 
[0053] The fuel to be supplied to the engine of which 
pressure in the fuel piping is maintained constant by the 
pressure regulator 108, is injected into the respective 
engine cylinders from the fuel injectors 107 which are 
actuated based on a signal value calculated in the con- 
trol unit 106 by making use of signals such as from the 
air measuring portion 102. 

[0054] In the present embodiment, the elements indi- 
cated above as well as the EGR valve 112 for supplying 
a part of the exhaust gas to the engine are structured 
into an integral body. Some of the elements can be re- 
moved from the integral body and additional elements 
can be added thereto if required, the elements integrat- 
ed into the integral body are not limited to those indicat- 
ed above. 

[0055] With the above structure, a duct connecting the 
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air cleaner or the intake air flow meter accommodating 
portion with the throttle valve accommodating portion 
provided in a conventional air intake arrangement is 
eliminated, and the air cleaner and the air flow meter 
accommodating portion can be mounted on the engine 5 
portion. Further, in the present embodiment, since the 
throttle valve 103 is located between the independent 
branching intake air conduits 105, the volume of the 
surge tank 104 can be increased, while keeping the 
length of the independent branching intake air conduits 10 
105 for multi-cylinders substantially identical each other 
in the limited space. Accordingly, the space for the air 
intake arrangement can be reduced as well as the en- 
tirety of the air intake arrangement can be treated as a 
unitary body, thereby the lay-out design thereof in an 15 
engine room of a motor vehicle is facilitated and a stand- 
ardization thereof is enabled. Further, the number of 
steps for the assembly work thereof is reduced, and an 
engine performance test on the respective actual prod- 
ucts in an engine production line is enabled. Still further, 20 
since the air intake arrangement itself is formed into an 
integral body, a performance test on the respective ac- 
tual products is enabled, thereby the performance of the 
entire air intake arrangement can be controlled at the 
moment of their productions. Still further, as a general 25 
tendency, the output signal of the airflow meter is likely 
to oscillate due to engine intake air ripple and the oscil- 
lation is maximized when the engine rpm coincides with 
the natural oscillation frequency in the air intake conduit. 
Since the length of the conduit portion wherein the air 30 
flow meter is disposed substantially corresponds to the 
length from the air cleaner to the surge tank, in the con- 
ventional arrangement wherein the conduit length was 
extended because of the provision of the duct, the nat- 
ural oscillation frequency of the conduit showed a fre- 35 
quency in a low frequency range which likely caused a 
disturbance in the airflow meter output signal during ac- 
tual use thereof, however, in the present embodiment, 
the conduit length is shortened thereby the natural os- 
cillation frequency in the conduit is improved to show a 40 
frequency in a high frequency range (five times higher 
frequency than that of the conventional arrangement, for 
example, from 25Hzto 125Hz) and the conventional dis- 
turbance caused in the air flow meter output signal is 
reduced. 45 
[0056] Further, a torque increase during a low engine 
rpm is effected by elongating the length of the respective 
independent branching intake air conduits. In the 
present embodiment, the elongation of the respective 
independent branching air intake conduits is realized in so 
a limited space by disposing the respective independent 
branching air intake conduits 105 around the circumfer- 
ence of the surge tank 104 and by commonly using a 
part of the outer wall face of the surge tank 104. Con- 
trary, a torque increase during a high engine rpm is ef- 55 
fected by shortening the length of the respective inde- 
pendent branching intake air conduits which is a totally 
opposite requirement for that during a low engine rpm. 



In the present embodiment, independent branching air 
intake conduits resolving the above opposing require- 
ments are easily realized by incorporating the conduit 
length variable type intake air valve 111 as illustrated 
clearly in Fig.29. In the present embodiment, the conduit 
length variable type intake air valve 111 is controlled to 
open the valve during a high engine rpm and to close 
the valve during a low engine rpm by a diaphragm mech- 
anism of the actuator 112. However, the control method 
of the valve is not specifically limited to that explained 
above, the valve, for example, can be controlled linearly 
by making use of an electric motor. 
[0057] Further, the control unit 1 06 which controls en- 
gine operating conditions is mounted on the outer wall 
of the air cleaner 101. Accordingly, the control unit 106 
is cooled by the inlet air and a thermal effect thereon 
from the engine 150 is reduced. Further, the replace- 
ment work of the control unit 106 in service stations is 
facilitated and the serviceability of the motor vehicle is 
further improved. 

[0058] Still further, the auxiliary air intake passage 1 1 3 
accommodating the auxiliary air control valve 1 09 is also 
integrated in the air intake arrangement of the present 
embodiment, piping lines such as by rubber hoses are 
eliminated and the production cost of the arrangement 
is reduced. 

[0059] Still further, although the above air intake ar- 
rangement can be constituted by combining respective 
separately manufactured functional elements, prefera- 
bly as many as possible are manufactured by one-piece 
molding such as with a synthetic resin, so that the man- 
ufacturing cost thereof is further reduced. 
[0060] Fig. 31 through Fig. 34 show another structural 
embodiment. These figures correspond respectively to 
Fig. 27 through Fig. 30 of the previous structural embod- 
iment and the same reference numerals are used as in 
the previous structural embodiment for designating the 
same or equivalent elements. 

[0061] In the present embodiment, the throttle valve 
103 is located outside the respective independent 
branching air intake conduits 105. With this structure, 
the volume of the air filter 101a is increased and the re- 
sistance for the intake air flow is decreased, thereby the 
engine output can be raised. Further, the one-piece 
molding of the respective functional elements is further 
facilitated. 

[0062] Further, the control unit 1 06 is mounted on the 
inside of the air cleaner 1 01. With this structure, the con- 
trol unit 106 is further forcedly cooled by the inlet air, 
moreover since the control unit 106 is located down- 
stream of the air filter 101a the control unit 106 is hardly 
subjected to such as water splashes and dusts, thereby 
the reliability of the control unit 1 06 is further enhanced. 
Further the replacement work of the control unit in the 
service station is made easier like that for the air filter 
101a. Further, in the above two structural embodiments, 
when the air intake arrangement is combined with the 
engine after completing the same as one sub-assembly 
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unit, the efficiency of the assembling work is further im- 
proved. 

[0063] Through the provision of the auxiliary gas pas- 
sage through which a plurality of gases are introduced 
other than the main passage of the air intake conduit 
and of the outlet port thereof near the air intake valve, 
the direction of the auxiliary gas passage with respect 
to the main air intake passage can be freely set, and the 
amount of auxiliary gas can be controlled by the control 
valve even during the engine operation, thereby the 
strength of the induced gas swirl can be freely varied in 
a wide range in comparision with the conventional ar- 
rangement. 

[0064] Since the gas swirl inducing means of the 
present invention requires no intake air control valve 
and helical port provided in the main air passage as re- 
quired in the conventional arrangement, namely, ele- 
ments constituting a resistance to the intake air flow in 
the main air passage during the engine full load opera- 
tion are eliminated, a reduction of engine output is sup- 
pressed. 

[0065] Since the inner volume of the auxiliary gas pas- 
sage is determined smallerthan that of the main air pas- 
sage, a required amount of gas can be supplied prompt- 
ly to the engine, thereby an engine stability during an 
idling operation is enhanced and a response character- 
istic during an idling operation, a torque-up operation 
and an EGR operation is improved. 
[0066] Since the EGR gas can be introduced uniform- 
ly into the respective engine cylinders or can be intro- 
duced in the direction so as not to adversely affect the 
combustion therein, the engine can operates stably un- 
der an EGR operation with a large amount of EGR gas. 
[0067] Since the mounting portion, the fuel piping and 
the air piping for fuel atomization for the fuel injection 
valve are integrally formed with the air intake conduit, 
the fuel injection valve can be located near the centra! 
axis of the air intake conduit, and the angle formed by 
the axis of atomized fuel and the central axis of the air 
intake conduit can be reduced. Further, the air intake 
conduit can be designed optimally in accordance with 
the spreading configuration of the atomized fuel so as 
to reduce the deposition rate on the inner wall of the air 
intake conduit of the atomized fuel injected from the fuel 
injection valve. As a result, fuel deposition on the air in- 
take conduit is reduced and the air intake arrangement 
having a good acceleration response characteristic of 
fuel is obtained. 



Claims 



Air system intake module for an internal combustion 
engine, having one air inlet passage connected to 
an air cleaner housing (101) and plural air outlet 
passages (1 05) connected to a cylinder; wherein 

said air inlet passage of said air intake module 
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10. 



is constituted of a straight form conduit which 
is connected to an air outlet of said air cleaner 
. housing (101); 
to said straight form conduit a throttle shaft is 
supported rotatably, and to said throttle shaft a 
throttle valve (103) for adjusting an air flow 
amount which is supplied to said air intake mod- 
ule is installed; and 

to an upstream side of said throttle valve (103) 
of said straight form conduit an air flow meas- 
uring portion (102) is mounted. 

Air intake module according to claim 1, wherein the 
air outlet passages (105) are independent branch- 
ing air intake conduits. 

Air intake module according to claim 1 or 2, wherein 
in the respective air intake conduits variable intake 
air valves (111) are provided for opening and closing 
the air intake conduits. 

Air intake module according to at least one of claims 
1 to 3, wherein the intake air valves (111) are oper- 
ated by an actuator (112) provided outside of said 
air intake module. 

Air intake module according to at least one of claims 
1 to 4, wherein an auxiliary intake air passage (113) 
is provided for bypassing the throttle valve (103) 
downstream at the airflow measuring portion (102) 
in order to supply inlet air to the engine (150), 
wherein the air amount in the auxiliary intake air 
passage (113) is controlled by an auxiliary air con- 
trol valve (109). 

Air intake module according to at least one of claims 
1 to 5, wherein the elements of said intake air mod- 
ule are structured into an integral body. 

Air intake module according to at least one of claims 
1 to 6, wherein a surge tank (1 04) is provided down- 
stream said straightform conduit and upstream said 
air outlet passsages (105). 

Air intake module according to at least one of claims 
1 to 7, wherein the length of the straightform conduit 
is short in order to provide a natural oscillation fre- 
quency in a high frequency range and in order to 
reduce the conventional disturbance. 

Air intake module according to at least one of claims 
1 to .8, wherein the throttle valve (103) and the air 
flow meter (102) are located between the air intake 
conduits. 

Air intake module according to at least one of claims 
1 to 8, wherein the throttle valve (103) and the air 
flow measuring portion (102) are provided outside 
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the air intake conduits. 

11. Air intake module according to at least one of claims 
1 to 10, wherein a control unit (106) is mounted on 
the inside at the air cleaner housing (101). 
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FIG. 2(a) 
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FIG. 7 
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FIG. 16(b) 
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FIG. 18(a) 
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FIG. 19(a) 
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FIG. 21 
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FIG. 22 
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FIG. 23(a) 
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FIG. 25(a) 
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FIG. 26 




FUEL AMOUNT HOLO 



CLOSE SWIRL SOLENOID 
j ~ 
CANCEL FUEL AMOUNT HOLO 

r : 



32 



EP 1 103 716 A2 




33 



EP1 103 716 A2 



FIG. 29 




I 



34 



EP 1 103 716 A2 



FIG 31 




35 



EP 1 103 716 A2 




36 



(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP 1 103 716 A3 



(12) 



EUROPEAN PATENT APPLICATION 



(88) 


Date of publication A3: 


(51) Int Ch 7 : r02lVI o5/1l>4 




10.10.2001 Bulletin 2001/41 




(43) 


Date of publication A2: . 






30.05.2001 Bulletin 2001/22 




(21) 


Application number: 01102820.6 




(22) 


Date of filing: 12.08.1993 






HAQinnptAri CtnntraRtina States* 


• Nogi, Toshiharu 


DE FR GB IT 


Katsuta-shi t Ibaraki 312 (JP) 






• Fujieda, Mamoru 


(30) 


Priority: 31.08.1992 JP 23086492 


Nishiibaraki-gun, Ibaraki 39-17 (JP) 


• Kurlhara, Nobuo 


(62) 


Document number(s) of the earlier appiication(s) in 


Hitachioota-shi, Ibaraki 313 (JP) 


accordance with Art. 76 EPC: 


• Ohyama, Yoshishige 




97110649.7/0 801 224 


Katsuta-shi, Ibaraki 312 (JP) 




93306371.1 / 0 586 123 


• Yamada, Hiroyuki 






Ibaraki 312-0012 (JP) 


(71) 


Applicant: Hitachi, Ltd. 


• Kemma, Shlgeyukf 


Chiyoda-ku, Tokyo 101-8010 (JP) 


Katsuta-shi, Ibaraki 312 (JP) 


(72) 


Inventors: 


(74) Representative: Beetz & Partner Paten tan walte 


• 


Yamaguchl, Jun'ichl 


Steinsdorfstrasse 10 




Naka-gun, Ibaraki 319-1111 (JP) 


80538 Munchen (DE) 


• 


Ohsuga, Minoru 






Hitachinaka-shi, Ibaraki 312-0053 (JP) 





(54) Air intake arrangement for interna! combustion engine 



(57) The invention relates to an air system intake 
module for an internal combustion engine, having one 
air inlet passage connected to an air cleaner housing 
(101) and plural air outlet passages (105) connected to 
a cylinder; wherein said air inlet passage of said air in- 
take module is constituted of a straight form conduit 
which is connected to an air outlet of said air cleaner 



housing (101); to said straight form conduit a throttle 
shaft is supported rotatably, and to said throttle shaft a 
throttle valve (103) for adjusting an air flow amount 
which is supplied to said air intake module is installed; 
and to an upstream side of said throttle valve (103) of 
said straight form conduit an airflow measuring portion 
(102) is mounted. 



FIG.- 28 



CO 

< 

CO 
CO 




Q- 

LD 



Printed by Jouve. 75001 PARIS (FR) 



EP 1 103 716 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 10 2820 



DOCUMENTS CONSIDERED TO BE RELEVANT 



category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION Qnt.CI.7l 



WEINING H K ET AL: "DIE NEUEN 
ACHTZYLINDER-M0TOREN MIT 5,0 UND 4,2L 
HUBRAUM FUER DIE NEUE MERCEDES-BENZ 
S-KLASSE" 

MTZ M0T0RTECHNISCHE ZEITSCHRIFT, 
FRANCKH ' SCHE VERLAGSHANDLUNG , ABTEI LUNG 
TECHNIK. STUTTGART, DE. 
vol. 52, no. 6, 1 June 1991 (1991-06-01), 
pages 288-290,292,29, XPOO0225681 
ISSN: 0024-8525 

* page 290, middle column, paragraph 2.4 - 
page 292, left-hand column, paragraph 2.5; 
figures 1,2,6 * 

EP 0 478 435 A (RENAULT) 

I April 1992 (1992-04-01) 

* column 3, line 23 - line 55; figure 1 * 

US 4 776 313 A (FREISMUTH) 

II October 1988 (1988-10-11) 

* column 2, line 52 - column 3, line 3; 
figures 2,3,8 * 

EP 0 423 607 A (SH0WA ALUMINUM) 
24 April 1991 (1991-04-24) 

* figures 1-4 * 



1,2,6-9 



F02M35/104 



PATENT ABSTRACTS OF JAPAN 

vol . 016, no. 545 (M-1337), 

16 November 1992 (1992-11-16) 

& JP 04 203437 A (HITACHI LTD; OTHERS: 

24 July 1992 (1992-07-24) 

* abstract * 

-/-- 



01), 



The present search report has been drawn up (or all claims 



3-5,10, 
11 



3,4 



TECHNICAL FIELDS 
SEARCHED <lm\CI.7> 



10 



11 



F02M 
F02B 







Ptaoa at saaicti 




Oac* al conoid >on cri tne s«a<ch 


Exomnci 






THE HAGUE 




23 August 2001 


Joris, J 






CAlhQORV OH ClttO UUCUMtNTS 


T : Iheury or principle, underlying the Invention 










E : oartior patent document, but published on. or 




X 


parlwjlnrly relevant it taken nlont; 




alter the filing dale 






Y 


particularly relevant ti combined wtlh nnolher 


f > : document tiled in Hie application 






document of Ihe saints catenofV 




I document cd eel to r oilier reason s 




A 


technological background 










O 


- non -written disclosure 




A : member or the same [ 


atenl (amity, cnrrnKjiortding 


u 


P 


intermediate document 




tluniniHni 



2 



EP1 103 716 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 10 2820 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
ot relevant passages 



US 5 133 307 A (KURIHARA) 
28 July 1992 (1992-07-28) 

* column 3, 1 i ne 34 - 1 i ne 50 * 

* column 3, line 55 - line 59; figures 1,2 
* 

PATENT ABSTRACTS OF JAPAN 

vol. 007, no. 207 (M-242), 

13 September 1983 (1983-09-13) 

6 JP 58 104359 A (HITACHI SEISAKUSHO KK ) , 
21 June 1983 (1983-06-21) 

* abstract * 

WO 93 00505 A ( LOTUS CARS) 

7 January 1993 (1993-01-07) 

* figures 4-7 * 

US 4 411 226 A (0KUMURA) 

25 October 1983 (1983-10-25) 

* column 2, line 4 - line 12 * 

* column 2, 1 ine 21 - 1 ine 27 * 

* column 2, line 40 - line 53; figure 1 * 

DE 33 38 653 A (VW) 

2 Hay 1985 (1985-05-02) 

* page 3, paragraph 5 - page 4, paragraph 
2; figure 1 * 

US 4 304 211 A (TEZUKA) 

8 December 1981 (1981-12-08) 

* column 2, .line 53 - line 62 * 

* column 3 4 line 15 - line 23 * 

* column 3, line 48 - line 52; figures 
1,3,5,6 * 



The present search report has been drawn up tor all claims 



Relevant 
to claim 



1,2 



1-4,6-8, 
10 



1-4,6-8, 
10 



1,2,5,7, 
8 



11 



1,2.5.7 



CLASSIFICATION OF THE 
APPLICATION (lnt-CL7> 



TECHNICAL FIELDS 
SEARCHED (itrtXLT) 



Pbica a search 

THE HAGUE 



Dale o( cpmpJolwn oi the taeaich 

23 August 2001 



Eiarrantsr 

Joris, J 



CATEGORY OF ClYFD DOCUMENTS 

X : particularly miavant it taken alone 

Y : particularly relevanl it combined with another 

document ol ihG same category 
A : technological background 
O : non-wrt'ieii disclosure 
P : Intormedlale dncumonl 



T I henry or princqite underlyinn, Iha inventicm 
Er. : earlier paieni document. t)Ul published on. or 

after the tiling dale 
D : document cried in lite application 
L : document oted lor olher reasons 

R member ol the sain© patent lamity. corresponding 
document 



3 



EP 1 103 716 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 10 2820 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, when? appropriate. 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.7) 



P,A 



EP 0 523 027 A (VOLVO) 

13 January 1993 (1993-01-13) 

* column 1, line 49 - column 2, line 4 * 

* column 2, line 13 - line 17; figures 1,2 
* 

DE 29 30 697 A (DAIMLER-BENZ) 
12 February 1981 (1981-02-12) 

* page 5, paragraph 7 * 

* page 6, paragraph 3 - paragraph 5; 
figure 1 * 

US 2 845 911 A (GILL) 

5 August 1958 (1958-08-05) 

* figures 1,2 * 

BASSHUYSEN VAN R ET AL: "DER NEUE AUDI 
V8-SAUGM0T0R KIT 32 VENTILEN UND 3,6 LITER 
HUBRAUM" 

MTZ M0T0RTECHNISCHE ZEITSCHRIFT , 

FRANCKH'SCHE VERLAGSHANDLUNG , ABTEI LUNG 

TECHNIK . STUTTGART, DE, 

vol. 50, no. 1, 1989, pages 23-26,28, 

XP000024561 

ISSN: 0024-8525 

* figures 2,6 * 



1,2,6-9 



10 



1,10 



TECHNICAL FIELDS 
SEARCHED (lnt.CI,7) 



The present search report has been drawn up for all claims 



THE HAGUE 



Oerfi d completion d the search 

23 August 2001 



EnaniHet 

Joris, J 



CATELGORY OF CITED DOCUMENTS 

X - particularly relevant it taken Riant? 

Y • particularly relevant ll combined with another 

doc u men 1 ol the r.amo category 
A : tochi>ologlcal background 
O : itoivuvrrtlen disclosure 
f intermediate cJocumenl 



T : the-ory or principle undertying me invention 
t. : earlier patent document . Out puMsned on. or 

after the tttongdaie 
D : document cited In lite application 
t. document cited lor other reasons 

A niembnr of (ho same patent lamiry. correapondinn 
riooumenl 



4 



EP 1 103 716 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 01 10 2820 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in tne European Patent Orfice EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose ol information. 

23-08-2001 



Patent document 




Publication 




Patent family 


Publication 


cited in search report 




oaie 




member(s) 


date 


EP 478435 


A 


ni r\A i QQ9 

u J~U4— iyy^ 


TP 






IIP A 71£ Ol •} 

US 47/031.5 


A 


1 1_1 n_T QQQ 


FP 

c r 




n7-i 9-1Q88 






JP 


63306267 A 


14-12-1988 


EP 423607 


A 


24-04-1991 


JP 


3124952 A 


28-05-1991 






CA 


2027235 A 


12-04-1991 








DE 


69007734 D 


05-05-1994 








nr 
Lit 




1 n-1 QQA 








US 


5127371 A 


07-07-1992 


JP 04203437 


A 


24-u/-iyy£ 


NUNC. 




_ - 


US 5133307 


A 


2o-o/-iyy<i 


dr 


?79fi71ft R 
t/tD/ 15 D 


i i _n^— i QQft 






JP 


3151560 A 


27-06-1991 


JP 58104359 


A 


21-06-1983 


NONE 






W0 9300505 


A 


07-01-1993 


NONE 






US 4411226 


A 


25-10-1983 


JP 


57068519 A 


26-04-1982 


• DE 3338653 


A 


02-05-1985 


NONE 






US 4304211 


A 


08-12-1981 


JP 


53117119 A 


13-10-1978 






JP 


53076220 A 


06-07-1978 








US 


4867109 A 


19-09-1989 


EP 523027 


A 


13-01-1993 


SE 


502372 C 


09-10-1995 






SE 


9102124 A 


09-01-1993 


DE 2930697 


A 


12-02-1981 


NONE 






US 2845911 . 


A 


05-08-1958 


NONE 









. Foj rnoie details about tnis annex :see Official Journal of theEuropean Patent Oflice, No. 12/82 



